Spatial variability studies on soil attributes are fundamental for adoption of best agricultural practices concerned with irrigated agricultural sustainability. This study aims to infer the spatial variability patterns of soil moisture, soils salinity and soil texture in an irrigated area of Pernambuco State (Brazil) under cultivation of carrot (Daucus Carota L.), during the dry period of 2012. The area is a typical system in the semiarid under small scale agricultural practices. For the study, it was adopted a 4 × 4 m regular mesh, with 49 sampling points collected at 0-0.2 m and 0.2-0.4 m layers. Data were submitted to classical statistical procedure, followed by geostatistical analysis. For soil moisture at 0.2-0.4 m layer and clay content, the degree of variability was considered low. For soil moisture at 0-0.2 m the degree of variability was moderate, while the electrical conductivity showed a high degree of variability. Occurrence of soil salinity is higher at the soil surface. Water flow occurs from the borders to the central plot, as evidenced by contour maps. Geostatistics allowed the characterization of the spatial variability patterns for the main soil attributes in an irrigated plot in the semiarid of Brazil, and it has been shown as an important tool for the prediction of soil attributes. Such results are important for issuing guidance for sustainable small scale agriculture practices in the region.
INTRODUCTION
Inadequate soil and water management has led many irrigated areas to become non-productive all around the world. When croplands are intensively explored, spatial and temporal variations of the various soil attributes may occur, and the agricultural economy becomes dependent on these changes (Scherpinski et al., 2010) . The spatial variability studies of soil properties are fundamental to evaluate the management effectiveness, concerned with the sustainability and environmental quality (Darwish et al., 2015) . Producing maps of soil properties requires a *Corresponding author. E-mail: carolynelins200@gmail.com. Tel: +558133206279. large effort of sampling and evaluation of these properties, resulting in high investment of time and cost. Hence, the definition of an ideal sampling design and technique is a fundamental criterion for mapping. One tool that can assist in studies is the precision agriculture (Triphati et al., 2015) . Studies that aim to understand the distribution of soil attributes minimize time and cost of sampling,and the maps can be applied in scientific areas, for example, in hydrological and climatic studies, as well as operational applications, such as decision making in agricultural practices. Among the various soil attributes, water content, electrical conductivity and soil texture can be considered as main quality indicators and their determinations have a high importance in many scientific fields and operational applications (Brocca et al., 2012; Darwish et al., 2015; Triphati et al., 2015) . There are several recent studies about the spatial variability of soil attributes: spatial and temporal variability of soil moisture in the surface layer of the Loess Plateau in China (Hu et al., 2008) ; spatial variability of soil physical properties in a semiarid alluvial valley at Pernambuco State ; spatial variability of hydraulic conductivity and water infiltration in the soil at Paraná State (Scherpinski et al., 2010) ; study in a catchment scale of soil moisture spatial-temporal variability in central Italy (Brocca et al., 2012) ; spatial distribution analysis of soil variables for agronomic development in North-Coastal of Egypt (Darwish et al., 2015) ; and spatial variability analysis of soil properties in salt affected coastal India using geostatistics and kriging (Triphati et al., 2015) . Although there are many applications related to the study of the spatial variability of soil attributes, there are still few studies carried out in semiarid Brazilian regions, such as the present study.
Among management tools for sustainable development of irrigated areas, those based on the understanding of the spatial variability pattern of different soil attributes are very important. Geostatistics techniques, which can be defined as tools for studying and predicting the spatial patterns of several variables, allow understanding spatial variability in a change of natural phenomena (Jackson et al., 2007) , as well as the spatial properties of soil attributes (Cambardella et al., 1994) . Geostatistics offers a set of statistical tools that include the spatial coordinates of soil samples in data processing, allowing a description of spatial patterns, prediction at unsampled locations, and evaluation of the uncertainty associated to these predictions (Triphati et al., 2015) . This work aims to study the spatial variability of soil moisture, salinity and texture in an irrigated area of Pernambuco State (Brazil) under cultivation of carrot (Daucus carota L.), during the dry period of 2012. This is a typical system in the semiarid under small scale agricultural practices.
MATERIALS AND METHODS

Study area
The study was conducted at Nossa Senhora do Rosário Farm, located in Pesqueira city, Pernambuco State (Brazil), with 08°10' S and 35°11' W coordinates and altitude of 650 m (Figure 1 ). The study area is within a rural settlement installed by the State Government, where small scale agriculture is practiced. The predominant soil in the region is Fluvent. The climate is BSsh (extremely hot, semiarid), according to the Köppen classification, Pcum, Cumulative precipitation; P, Number of periods with 3 or more, 5 or more and 10 or more consecutive days without precipitation; Et, total evaporation; Tm, Mean temperature; RHm, mean relative humidity; Ws, wind speed. Ds, Bulk density; Dp, particle density; P, porosity.
with an annual mean precipitation of 607 mm (Scherpinski et al., 2010) . The annual climatological Normal for the period 1961 to 1990 in Pesqueira is presented in Table 1 . The experimental area consists in a one hectare plot cultivated with carrot (Daucus Carota L.). The area is irrigated during 1.5 hours per day and the micro sprinkler system has a flow rate of 105 L h -1 , with a control of the applied water depth. Groundwater is used for irrigation, with electrical conductivity (EC) of 0.57 dS m -1 .
Samples
For the spatial analysis, it was adopted an irrigated plot of 576 m² under carrot cultivation (Daucus carota L.). In order to characterize the spatial dependence, a regular grid of 4 × 4 m was established, comprising 49 sampling points. The samples at 0-0.2 m and 0.2-0.4 m layers were transported to the laboratory and were air dried for 72 h and separated through sieve with a 2 mm diameter. Physical characteristics (Table 2) , soil moisture evaluating, electrical conductivity and texture were performed according to Embrapa (2011) . According to the textural classification of the Brazilian Society of Soil Science, the Fluvent was classified as sandy clay loam texture.
Statistical and geostatistical analysis
Data were initially analyzed using descriptive statistics, by evaluating central tendency (mean, median and mode) and dispersion measures (standard deviation, variance and coefficient of variation); and values of kurtosis, and skewness. Normal distribution was tested according to the Kolmogorov Smirnov test at 5% significance level. Spatial dependence was analyzed by fitting experimental semivariograms based on the assumption of intrinsic stationarity hypothesis (Journel and Huijbregts, 1978) to different theoretical variogram models. Coefficients of variation were observed, as suggested by Warrick and Nielsen (1998) , which considers low variability when CV < 15%; moderate for 15 < CV < 50% and high variability when CV > 50%. Semivariance analysis was applied to estimate the range over which samples of the soil parameters were related. The semivariance, γ(h), of all observed values of a variable separated by a vector h were defined as:
where Zi and Zi+h are experimental estimates of any two points separated by the vector h, and N (h) is the number of experimental pairs separated by h (Goovaerts, 1999) . For construction of the experimental semivariograms, the software GS+ tool (Gamma Design, 2004) was used, adopting the classic semi-variance estimator (Journel and Huijbregts, 1978) . The Gaussian, exponential and spherical models were tested with the experimental data to fit the mean close to zero and standard deviation close to one, using the technique of cross-validation Jack -Knifing. The coefficients of the best fit model were then estimated. The degree of spatial dependence was observed according to the classification of Cambardella et al. (1994) , where the degree of dependence lower than 25% characterizes strong spatial dependence, between 25 and 75% moderate spatial dependence, while higher than 75%, weak dependence. For the construction of contour maps, the software Surfer 9.0 was used (Golden Software, 2009 ).
RESULTS AND DISCUSSION
The results of statistical analysis for soil moisture, electrical conductivity and clay content at 0-0.2 m and 0.2-0.4 m layers are presented in Table 3 . Kolmogorov Smirnov test indicated that the data of moisture and clay content at 0-0.2 m and 0.2-0.4 m, and soil electrical conductivity of 0-0.2 m follow Normal distribution, after removing outliers (Hoaglin et al., 1983) . Electrical conductivity at 0.2-0.4 m follows a Normal behavior. Additionally, the mean, median and mode for the analyzed variables have similar values (Table 3) , suggesting a symmetrical distribution. Such result indicates that the measures of central tendency are not dominated by atypical distribution values (Cambardella et al., 1994) , as all the variables follow a Normal distribution. Soil moisture presented values of skewness consistent with a Normal distribution. In effect, the skewness coefficient should approach 0. It is noted that for the moisture and clay content, the values of these coefficients approached the standards required, with an electrical conductivity parameter which is distanced a little from zero. Variables showed a positive asymmetry, indicative that the most data tends to the minimum values. Soil moisture at 0-0.2 m, EC in both depths and clay content at 0.2-0.4 m had a positive kurtosis, which indicates that the data are dispersed, and that the distribution presents elevation (leptokurtic). Soil moisture at 0.2-0.4 m and clay content at 0-0.2 m showed negative kurtosis, where it is found that the curve is flatter than normal (platykurtic).
Other authors have studied the spatial variability of water content in different soil types and also found normality for this attribute (e.g. Hu et al., 2008; Brocca et al., 2012; García et al., 2014) . Geostatistics allows the spatial dependence analysis, from the group of experimental semivariogram, according to a mathematical model, and the characterization of variability by estimating without tendency, estimating values at non-sampled locations. For setting semivariograms, normality of data is not required, but desirable. If the distribution is not normal, but is reasonably symmetrical, it may be sufficient for accepting the hypotheses for the semivariogram construction. Soil moisture at 0.2-0.4 m layer and clay content at both layers showed low degree of variability, with values respectively of 8.65, 12.48 e 10.15%. Souza et al., (2008) also found low variability degree for the clay fraction at 0-0.2 m layer in a Fluvent soil. Soil moisture at 0-0.2 m layer had a moderate degree of variability, with 15.72%. The low or moderate degree of variability found may have been influenced by irrigation performed in the study area a day before sampling. There was no antecedent precipitation in three days and the sampling and measurements were performed during the dry season in the region. Hu et al. (2008) also found moderate variability for water content in a soil in the Loess Plateau of China at 0-0.6 m layer. Brocca et al. (2012) studying the spatial and temporal variability of soil moisture at the catchment scale, found low variability at 0-0.15 m layer. According to the authors, these results can be used to estimate the average conditions of variation in a desired range and consequently, the number of required samples for spatial analysis. This was not the focus of this study, but may be further investigated. Darwish et al. (2015) studying a seacoast to the Libyan plateau, found low degree of variability for clay content.
Electrical conductivity at 0-0.2 m and 0.2-0.4 m layers showed a high degree of variability, since the coefficients of variation were respectively 74.24 and 79.64%. Other authors also found high variability for this attribute as Souza et al. (2000) working on an alluvial soil in the state of Paraíba (Brazil) and Darwish et al. (2015) studying a seacoast to the Libyan plateau. According to Souza et al. (2000) , the high variability is related to the heterogeneity of these soils, caused by factors such as the processes of accumulation and distribution of its particles, they are topographically positioned in an alluvial valley, in addition to management they are subjected to, among other factors. It was observed correlation between the mean soil moisture and its standard deviation, in agreement with other recent studies (Gao et al., 2011; Brocca et al., 2012; Gao et al., 2013; Zhang et al., 2013) . A positive correlation was also observed between soil moisture and the coefficient of variation, in which the decrease in the mean soil moisture along the layers reduced the spatial variability (Table 3 ), in agreement with Gao et al. (2011) , Gao et al. (2013) and Zhang et al. (2013) . The decrease on the moisture variation along the soil layer is because the subsurface layers are usually less influenced by agricultural practices, which occur at the first soil layer, mainly irrigation practices.
Except for the clay fraction at 0.2-0.4 m layer, for which the best fit was to the Gaussian model, for all other attributes the semivariogram showed pure nugget effect, indicating the randomness of the data. The pure nugget effect variogram indicate that there is no spatial correlation between the variables at the sampled distance (Cambardella et al., 1994) . Additionally, the nugget effect (C 0 ) indicates the discontinuity of a phenomenon. According to Vieira (2000) , high nugget values are indicative of variation detected by the sampling process. Souza et al. (2008) Fluvisol at same region of this study, with similar hydrological characteristics (Santos et al., 2012) . However, other authors found strong spatial dependence for this variable (Yang et al., 2011) . Souza et al. (2008) , studying a Fluvent found high spatial dependence for sand, silt and clay fractions, and moderate dependence for electrical conductivity. Authors cite Grego and Vieira (2005) and associate the strong spatial dependence of granularity fractions to excessive movement in the soil surface, which causes a change of its original structure and makes it similar nearby points. An important aspect to be highlighted is that the degree of spatial dependence considers both the variability between sampling points, as the uncertainty of the determination method in the laboratory (Silva et al., 2010) . The range indicates the extent to which the studied variable is correlated, that is, represent the radius in which an area can be considered homogeneous in relation to the parameters studied (Lima et al., 2006) . Semivariogram ranges found in this study were 13.71; 13.74; 13.73; 13.75; 13.74 In the contour maps the darker areas show higher values of the evaluated data. Maps for soil moisture at 0-0.2 and 0.2-0.4 m layer show that there is higher soil moisture in the surface layer, probably due to irrigation in the area prior to sample collection. The subsurface layer had low water contents. According to Santos et al. (2012) , a way of maintaining the high water levels in the soil in the region would be mainly with the addition of a continuous vegetation cover on the soil, such as mulching. Soil moisture is related to many attributes and soil conditions, such as texture, density and organic matter (Busscher et al., 1997) . Cohesion is a characteristic that also changes the soil moisture. Thus, when the soil is dry or has a low water content, particles are often highly aggregated, being difficult to separate them by an external force. Additionally, for soils with loam texture, water loss occurs more rapidly due to high hydraulic conductivity, related to an in efficient water retention. It can be observed that the central regions have lower soil moisture than the borders of the area, indicating that the water movement occurs from borders to the central regions. The darker areas of the maps (left) indicate values with higher soil moisture.
Regarding the maps of soil electrical conductivity, it can be seen that the values are also higher in the most extreme and surface areas. According to Silva et al. (2013) , the soil exposition to insolation induces capillary ascension, and consequently increases salt concentration in surface layers. Soils with high moisture have lower electrical conductivities. As commented above, the determining factor was soil moisture, because it influenced the electrical conductivity values in the soil profile. The electrical conductivity and moisture contour maps show homogeneity, have revealed a similar pattern of spatial variability. According to Fritz et al. (1998) , the electrical conductivity is influenced by the water content, dissolved salts, topography, and the source material in the soil formation. In a study conducted by Silva (2016) with spatial variability of soil electrical conductivity in a cultivated area of sugarcane, the determining factor was soil moisture, because it influenced the EC values in the soil profile, as relief and the water level were the factors , wherein carrot falls within the rating S (sensitive) salinity tolerance table. The results show that many areas of the map, due to salt levels, may can cause crop development limitations and compromise the agricultural production. Regarding the clay fraction, there is a more homogeneous distribution in the surface layer (0-0.2 m), also due to cultivation practices performed in the area, while at 0.2-0.4 m layer there is a higher amount of this fraction in the central region, also where the electrical conductivity is lower (Figures 3e, f and d) . Observing Figure 3f , the clay concentration at the central region can characterize an impediment layer, with areas of lower permeability and higher water retention, soil characteristics with higher clay content. Leão et al. (2010) found that texture variability is related to the rates flow even in a small scale.
Conclusions
Geostatistics allowed the characterization of the spatial variability patterns of the main soil attributes in an irrigated plot in the semiarid of Brazil. It has been shown as an important tool for the prediction of soil attributes. The results may help to issue guidelines for agricultural management. The main results were:
1 The electrical conductivity and moisture contour maps show homogeneity, and revealed a similar pattern of spatial variability. 2 The electrical conductivity of both layers presented a high degree of variability.
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